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Clinical Arrhythmias

Pulmonary hypertension (PH) is a chronic condition that is characterised 

by elevated pulmonary vascular pressures and can be caused by 

several disease processes (see Table 1).1 Regardless of the aetiology, 

PH is a progressive disease with a clinical course characterised by 

frequent decompensations in advanced stages and often a poor 

prognosis despite the development of novel therapeutic agents.2 AF 

and atrial flutter are common in PH populations and have been shown 

to be associated with frequent decompensations, increased hospital 

admissions and poor quality of life. Failure to adequately address these 

arrhythmias may portend a particularly poor prognosis in an already 

devastating disease process.3–5

The purpose of this review is to discuss the epidemiology, 

pathophysiology, clinical significance and management of atrial 

arrhythmias, namely AF and atrial flutter, in patients with PH (see 

Figure 1). Whenever possible, this review is restricted to data from 

patients with World Health Organization (WHO) group I PH (pulmonary 

arterial hypertension [PAH] that may be idiopathic, hereditary, toxin-

induced or associated with connective tissue disease or infection) 

and group IV PH (chronic thromboembolic pulmonary hypertension 

[CTEPH]).1 In general, both processes reflect a primary disorder at the 

level of the pulmonary arterial circulation and have many common 

pathophysiological features.6  

Epidemiology of Atrial Arrhythmias in Pulmonary 
Hypertension  
Most of the early data regarding the burden of sustained atrial 

arrhythmias in patients with PH were derived from retrospective single-

centre analyses. The first major observational study by Tongers et al. 

analysed 231 patients undergoing routine surface electrocardiograms as 

part of their regular outpatient clinic follow-up.7 The patient population 

was heterogeneous and included patients with PH due to congenital 

heart disease or inoperable chronic thromboembolic disease (WHO 

group IV). The annual incidence of atrial arrhythmias in this cohort 

was 2.8  % per year, with a cumulative incidence of 11.7  % by the 

end of the 6-year study (12 patients with atrial flutter, 12 with AF and 

three with atrioventricular nodal reentrant tachycardia). A similar 

series of 72 patients from an Italian center reported a 22 % incidence 

of atrial arrhythmias over 35 months; however, this cohort was also 

heterogeneous and included patients with WHO group III disease (n=12).8

More recent prospective studies have confirmed a relatively high 

incidence of atrial arrhythmias in PH patients and have attempted to 

characterise the clinical features of those patients at risk of developing 

such arrhythmias. Olsson et al. followed 239 patients with idiopathic 

PAH (n=157) or CTEPH (n=82) and restricted their analysis to AF and 

atrial flutter.9 This study found a cumulative atrial arrhythmia incidence 

of 25.1  % over 5 years of follow-up. Wen et al. studied 280 patients 

with idiopathic PAH and found a cumulative incidence of 15.8 % over 6 

years.10 By comparison, the incidence of AF or atrial flutter in the general 

population based on the Rotterdam study was 0.1  % per year among 

people aged 55–60 years, rising to 2.7  % per year among those aged 

80–85 years.11 The overall lifetime risk of developing AF or atrial flutter 

in the absence of heart failure or MI is estimated at approximately 16 % 

based on Framingham data.12

The variation in reported incidence of atrial arrhythmias in patients 

with PH may reflect differences in the risk profiles of the patient 

populations studied. Compared with the Wen et al. study,10 the patients 

in the Olsson study were generally older (mean 55 years versus 39 

years) and had more advanced disease (79 % versus 65 % with WHO 

functional class III or worse).9 Age is an important independent risk 

factor for atrial arrhythmias.13 

Existing analyses have relied on intermittent surveillance during clinic 

visits and hospitalisations due to decompensation or other PH-related 
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issues to detect incident atrial arrhythmias. There are no studies using 

long-term, continuous rhythm surveillance specifically in patients with 

PH, which would likely increase detection rates of atrial arrhythmias. In 

a recent study using 24-hour Holter monitoring in 36 patients with PAH 

or CTEPH, paroxysmal AF was detected in nearly one in three patients, 

suggesting that the true prevalence of asymptomatic arrhythmia may 

be much higher.14

Pathophysiology of Atrial Arrhythmias in the 
Setting of Elevated Right Heart Pressures
The altered structural and electrophysiological properties of the left 

atrium in the setting of AF and left heart disease have been well 

described.15,16 In PH, enlargement of the right atrium (RA) is thought to 

reflect advancing disease and potential progression to right heart failure 

as elevated pulmonary and right ventricular pressures are transmitted to 

the RA.17,18 Observational studies suggest that RA pressure and chamber 

size are important risk factors for atrial arrhythmia development.9,10 

Chronic RA pressure overload and stretching, along with chronic 

hypoxia, may alter the atrial substrate by promoting fibrosis and local 

tissue heterogeneities, which in turn predispose to a risk for AF.19 This is 

consistent with emerging data demonstrating a key role of atrial fibrosis 

in the pathogenesis of AF as documented by delayed enhancement on 

MRI.20,21 Figure 2 summarises potential mechanistic pathways contributing 

to the development of atrial arrhythmias in patients with PH.

Electrophysiologic studies (EPSs) in patients with idiopathic PAH 

compared with control patients without PH demonstrate reproducible 

and quantifiable abnormalities in atrial conduction. In a study by 

Medi et al., EPSs were performed in eight patients with idiopathic 

PAH prior to starting PH therapies and the results were compared 

with those from 16 age-matched controls without PH undergoing EPS 

for supraventricular tachycardia.22 The group with PAH had slower 

conduction velocities throughout the RA and a significant generalised 

voltage reduction consistent with the presence of atrial fibrosis (see 

Figure 3). In addition, patients with PAH were found to have higher rates 

of AF inducibility (50 % versus 0 % in controls), defined as sustained AF 

>30 seconds. Similar electrical remodelling has been seen in the left 

and right atria of patients with mitral valve disease.23 Such altered atrial 

conduction can manifest on surface electrocardiograms as P-wave 

duration >110 milliseconds, a finding that has been associated with 

poor clinical outcomes in patients with PH.24

In addition to alterations of the RA substrate, derangements in 

autonomic tone may also play an important role in atrial arrhythmia 

development. Patients with PAH have been shown to have increased 

sympathetic activity,25 and reduction of this sympathetic input may 

improve functional status.26 The sympathetic autonomic system is 

recognised to play a significant role in the initiation and perpetuation 

of AF via enhanced automaticity, triggered activity and an increase in 

delayed afterdepolarizations, and may even represent a therapeutic 

target for AF.27,28 Using a canine animal model, Zhao and colleagues 

performed EPSs in animals with PAH and controls.29 Animals with 

PAH showed more AF/atrial flutter vulnerability and higher right atrial 

sympathetic nerve and beta1-adrenergic receptor density. Ablation of 

the right anterior ganglionic plexi (but not other intracardiac nerves) 

attenuated the arrhythmic potential, likely due to the withdrawal of 

local sympathetic input to the RA.

Clinical Significance and Prognostic Implications 
of Atrial Arrhythmias in Pulmonary Hypertension 
The development of AF is considered an independent predictor of 

adverse outcomes in various cardiac conditions including heart failure 

Table 1: Revised World Health Organization Classification of Pulmonary Hypertension

Group I. Pulmonary arterial hypertension 1.1. Idiopathic 
1.2. Familial
1.3. Associated with:
  1.3.1. Connective tissue disorder
  1.3.2. Congenital systemic-to-pulmonary shunts
  1.3.3. Portal hypertension
  1.3.4. HIV infection
  1.3.5. Drugs and toxins
  1.3.6.  Other (thyroid disorders, glycogen storage disease, Gaucher’s disease, hereditary haemorrhagic 

telangiectasia, haemoglobinopathies, chronic myeloproliferative disorders, splenectomy)
1.4. Associated with significant venous or capillary involvement
  1.4.1. Pulmonary veno-occlusive disease
  1.4.2. Pulmonary capillary haemangiomatosis 
1.5. Persistent pulmonary hypertension of the newborn

Group II. Pulmonary hypertension with left heart 
disease

2.1. Left-sided atrial or ventricular heart disease
2.2. Left-sided valvular heart disease

Group III. Pulmonary hypertension associated with 
lung diseases and/or hypoxemia

3.1. Chronic obstructive pulmonary disease
3.2. Interstitial lung disease
3.3. Sleep-disordered breathing
3.4. Alveolar hypoventilation disorders
3.5. Chronic exposure to high altitude
3.6. Developmental abnormalities

Group IV. Pulmonary hypertension due to chronic 
thrombotic and/or embolic
disease

4.1. Thromboembolic obstruction of proximal pulmonary arteries 
4.2. Thromboembolic obstruction of distal pulmonary arteries 
4.3. Non-thrombotic pulmonary embolism (tumour, parasites, foreign material)

Group V. Miscellaneous Sarcoidosis, histiocytosis X, lymphangiomatosis, compression of
pulmonary vessels (adenopathy, tumour, fibrosing mediastinitis)

Source: Reprinted from Simonneau G et al. (2013) Updated Clinical Classification of Pulmonary Hypertension, Journal of the American College of Cardiology, 62(25), D34-D41, with permission 
from Elsevier.1
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with reduced or preserved ejection fraction, valvular disease, and 

hypertrophic cardiomyopathy.30–32 AF may be a marker of advanced 

disease or decompensated cardiac substrate, but it can also contribute 

to disease progression and exacerbation. Both are likely true in 

patients with PH.

Atrial arrhythmias are strongly associated with markers of disease 

severity and deterioration in patients with PH. In the Tongers et 

al. cohort, 84 % of patients with atrial arrhythmias presented with 

clinical decompensation manifesting as worsened functional class 

or clinical right heart failure.7 Importantly, patients who converted 

to sinus rhythm improved clinically, while those refractory to rhythm 

control (all of whom had AF) had a mortality rate of 82 % over an average 

of 11 months post atrial arrhythmia diagnosis. This pattern of clinical 

decline in the setting of atrial arrhythmias was also seen in a similar 

retrospective cohort study, which showed reductions in 6-minute walk 

tests that recovered with restoration of sinus rhythm33 and in an Italian 

PH cohort that showed a significant worsening of echocardiographic 

measures of right heart function and an increase in brain natriuretic 

peptide levels among patients with atrial arrhythmias.8 The Olsson et 

al. study found that nearly all (97.5 %) patients with atrial arrhythmias 

developed clinical deterioration with worsened functional class or 

right heart failure.9 The 5-year mortality rate for patients with AF who 

were refractory to rhythm control was as high as 78  %, compared 

with 32 % in patients who remained arrhythmia free. There were no 

baseline differences in haemodynamic parameters, functional status 

or natriuretic peptide levels among those who achieved restoration 

of sinus rhythm and those who did not. Patients in whom a rhythm 

control strategy was successful experienced outcomes similar to 

those who had no incident arrhythmias. Recognising the limitations 

of observational studies, these data suggest that the maintenance of 

sinus rhythm, when feasible, should be considered a treatment goal 

in patients with PH.

Multiple mechanisms may account for the clinical deterioration seen 

in PH patients who develop atrial arrhythmias (see Figure 2). The 

negative effect on cardiac output from the loss of atrial contraction, 

loss of atrioventricular synchrony, and ventricular irregularity has been 

described in patients with atrial arrhythmia and left heart failure.34,35 

These effects may be particularly severe for patients with established 

right ventricular dysfunction or clinical right heart failure as a result 

of long-term PH. Echocardiographic data suggest that patients with 

PH rely on active, rather than passive, atrial emptying to a greater 

degree than matched controls.36 Aside from decreased contractility, 

the tachycardia from a rapid ventricular response increases both 

pulsatile and resistive components of right ventricle (RV) afterload.37 

The RV is significantly more sensitive to changes in afterload compared 

Notable are the right axis deviation, incomplete right bundle branch block and dominant R waves in V1 suggestive of right ventricular hypertrophy.

Figure 1: Electrocardiogram of a 70-year-old Patient with AF and Severe Pulmonary Hypertension with Right Ventricular 
Dilatation/Dysfunction

RA = right atrium; RV = right ventricle.

Figure 2: Mechanistic Pathways for the Pathogenesis of 
Atrial Arrhythmias in Pulmonary Hypertension and the 
Associated Pathophysiological Consequences
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with the left ventricle,38 and the resultant increase in RV wall stress 

may exacerbate the already tenuous supply–demand relationship 

of coronary perfusion in these patients.39 Left ventricular systolic 

dysfunction resulting from chronic tachycardia has also been well 

described,40 but it is unclear as to what degree the RV can be 

preferentially affected by this pathophysiology. 

Management of Atrial Arrhythmias in Pulmonary 
Hypertension 
Rhythm Versus Rate Control
The management of AF and atrial flutter in patients with severe PH 

represents a clinical challenge, especially in those with tenuous 

RV function or frankly decompensated right heart failure. In these 

settings rate-control agents with negative inotropic effects (beta-

blockers, calcium channel blockers) are poorly tolerated. There are no 

randomised studies comparing rate and rhythm control specifically 

in PH populations and these patients have typically been excluded 

from clinical trials on AF therapy. Given the poor tolerance of these 

arrhythmias and their association with adverse outcomes, most 

observational studies of patients with PH and atrial arrhythmias report 

an initial attempt at rhythm control strategy.7–9,41 Rhythm control is 

currently recommended as the preferred approach in the European 

Society of Cardiology and European Respiratory Society guidelines 

for PH management.42 Rhythm control strategies have included 

pharmacological cardioversion with membrane-active antiarrhythmic 

drugs, electrical cardioversion and catheter ablation. All studies 

investigating rhythm control strategies to date have included small 

numbers of patients and, in general, no standardised approach to 

rhythm control has been described.  

Antiarrhythmic Drug Therapy
The use of class III agents such as amiodarone and sotalol has been 

reported in patients with PH,7–10 with amiodarone perhaps having an 

advantage due to its rather neutral effect on cardiac contractility. 

However, the long-term use of amiodarone may not be an option in 

patients with PH secondary to comorbid parenchymal lung disease 

and poor pulmonary function reserve. For patients treated with the 

endothelin receptor antagonist bosentan, amiodarone can increase 

bosentan levels via inhibition of cytochrome P450 (CYP)2C9 and should 

be used with caution.43 Dronedarone is contraindicated in patients who 

have advanced heart failure, including those in whom the heart failure 

is due to PH. Class IC agents such as propafenone or flecainide are 

theoretical considerations, although it is not clear to what extent the 

adverse outcomes seen in patients with structural heart disease44 may 

extend to patients with PH with or without RV dysfunction. 

Catheter Ablation
Similar to patients without PH, catheter ablation is a first-line approach 

to the management of cavotricuspid isthmus (CTI)-dependent atrial 

flutter in patients with PH. Due to the RA and tricuspid annular dilation 

in patients with PAH, CTI ablation is often more technically challenging 

than in patients with structurally normal right heart chambers. In a 

retrospective analysis of a single-centre experience with CTI ablation 

in 38 patients with PAH, bidirectional block was achieved in all 

patients; however, the PAH group had significantly longer procedure 

times (mean 78 minutes versus 62 minutes; p=0.03), required a larger 

number of ablation lesions (26 versus 19; p=0.02) and had a longer 

total ablation time (mean 20 minutes versus 15 minutes; p=0.02) 

compared with the group of patients without PAH.45 A similar trend 

(yet not statistically significant) toward longer CTI ablation procedures 

in patients with PAH versus controls was reported in a smaller 

series of 12 patients.46 It is worth noting that PH with associated RA 

remodelling may alter the typical electrocardiographic presentation 

of CTI-dependent flutter, as the same study reported the classic saw 

tooth pattern in only 42  % of PAH cases as compared with 100  % 

of controls. In patients with PAH, flutter waves often had lower 

amplitude with a cycle length that was significantly longer compared 

with controls (295 ± 53 ms versus 252 ± 35 ms). Despite the technical 

challenges in these patients, the acute and long-term success of 

catheter ablation of CTI-dependent flutter is favourable.

Although multiple randomised and non-randomised studies have 

investigated the use of catheter ablation in patients with AF,47–49 

the safety and efficacy of ablation techniques for AF specifically 

in the PH population is uncertain and no published reports of AF 

ablation (or other left atrial ablation) exist in this patient population 

to date. While the pulmonary veins (PVs) are still the most promising 

ablation targets in patients with PH, it is possible that non-PV triggers 

may play a more important role than in patients without PH due to 

ultrastructural and electrical remodelling of the RA. In an unselected 

population with paroxysmal and persistent AF, non-PV triggers 

were identified in approximately 11  % of cases.50 Approximately 

half of those non-PV triggers originated in the RA, including the 

crista terminalis/eustachian ridge, superior vena cava and tricuspid 

annulus. In a recent study of patients with obstructive sleep apnea 

(OSA) who underwent ablation procedures for paroxysmal AF, 

residual non-PV triggers were found in nearly 42 % of patients after PV 

isolation.51 Notably, patients with OSA were found to have some of the 

electrophysiological abnormalities previously described in patients 

with PH (lower atrial voltage and slower conduction velocities). By 

extension, due to this phenotypic overlap between OSA and PH, 

patients with PH may also have a higher prevalence of non-PV triggers 

compared with the general AF population. In addition, focal atrial 

tachycardias, non-CTI-dependent atypical atrial flutters, and multiple 

flutter circuits are not uncommon in these patients due to the 

 extensive atrial remodelling.

Another special consideration in patients with severely elevated right 

heart pressures is the risk of complications from transseptal puncture 

and left atrial access for ablation procedures. This is particularly 

important with the use of the cryoballoon ablation system that requires 

a larger sheath for delivery than the standard radiofrequency ablation 

Red indicates scar (bipolar voltage <0.1 mV). SVC = superior vena cava; TV = tricuspid valve.

Figure 3: Voltage Map of the Right Atrium in a Patient 
with Pulmonary Hypertension and Multiple Tachycardias 
of Right Atrial Origin
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catheters. While iatrogenic atrial septal defects (ASDs) are possible 

with any transseptal procedure, the cryoballoon technique has been 

associated with a significantly higher incidence of persistent ASD.52 The 

clinical consequences of these ASDs have not been established, but, in 

theory, a significant residual ASD in a patient with PH and elevated right 

heart filling pressures might result in clinically significant intracardiac 

right-to-left shunting and hypoxaemia, as well as an increased risk of 

paradoxical embolism. PH patients with baseline hypoxaemia due to 

ventilation-perfusion mismatch may suffer further clinical deterioration 

with a second insult.  

Lastly, patients with severe PH generally have a high anaesthetic risk53 

that is partially attributable to the unfavourable cardiopulmonary 

circulatory changes associated with mechanical ventilation. Thus, 

the benefits of catheter ablation procedures in these patients should 

be carefully weighed against the risks of deep sedation or general 

anaesthesia. Procedural anaesthesia in patients with severe PH should 

be performed under the supervision of experienced personnel with 

expertise in cardiac anaesthesiology.

Anticoagulation
A number of unresolved questions regarding the use of anticoagulation 

in patients with PH (with or without atrial arrhythmias) remain. It is 

unknown whether the presence of PH and right heart enlargement 

and/or dysfunction allows for reliable risk estimation with the use 

of the traditional CHA2DS2VASc score, which incorporates systemic 

hypertension and congestive heart failure.54 In terms of the choice of 

anticoagulation agent, there are no obvious contraindications to the 

use of direct oral anticoagulants in patients with PH. Patients with PH 

were not specifically excluded from the clinical trials that led to the 

establishment of direct oral anticoagulants as first-line agents for stroke 

risk reduction in the management of AF and these agents continue to 

be used for an expanding spectrum of indications, often with superior 

safety and efficacy profiles as compared with warfarin.55 However, 

safety and efficacy data for direct oral anticoagulants specifically 

pertaining to the PH population are lacking. Clinicians pursuing stroke 

prophylaxis with these agents also need to be mindful of potential 

drug–drug interactions relevant to PH therapies. For example, bosentan 

is a known inducer of CYP3A4, an important metabolic clearance 

pathway for rivaroxaban and apixaban.56 Use of additional CYP3A4 

inducers or drugs affecting other degradation pathways may result in 

subtherapeutic anticoagulation with these agents.

A summary of specific management recommendations of atrial 

arrhythmias in patients with PH is shown in Table 2.

Conclusions
Atrial arrhythmias are common in patients with PH. Whether these 

arrhythmias are the cause or consequence of worsening RV failure 

in these patients is not certain; however, haemodynamic data 

suggest that PH patients are especially vulnerable to haemodynamic 

stress during tachycardia and loss of coordinated atrioventricular 

contraction. Regardless, atrial arrhythmias require prompt intervention 

as failure to adequately control these arrhythmias may be associated 

with an unfavourable clinical course in this patient population. 

Observational studies have shown that a variety of rhythm-control 

strategies are feasible. As novel pharmacological treatments for PH 

and the continued improvement of multidisciplinary care improve 

survival in these patients,57 arrhythmias are likely to become a more 

prevalent complication of the disease. Future investigation in the field 

should clarify the remaining questions related to atrial arrhythmias in 

patients with PH, including the role of ambulatory rhythm monitoring, 

the role and timing of rhythm-control strategies, and the technical 

aspects and outcomes of catheter ablation. n

Clinical Perspectives
•  Pulmonary hypertension (PH) is a progressive disease that is 

commonly accompanied by the presence of atrial arrhythmias, 

which are associated with disease severity and deterioration 

in PH.

•  European guidelines recommend that, where feasible, sinus 

rhythm control is the preferred first-line approach in the 

management of atrial arrhythmias in PH.

•  In patients with PH and cavotricuspid isthmus-dependent 

atrial flutter in patients with PH, catheter ablation should be 

considered as first-line.

Table 2: Management Recommendations of Atrial Arrhythmias in Patients with Pulmonary Hypertension

General approach

• When feasible, prompt restoration of sinus rhythm is preferable over rate control of atrial arrhythmias

Antiarrhythmic drugs

• Amiodarone should be used with caution in patients with PH secondary to pulmonary disease
• Amiodarone should be used cautiously in patients concomitantly treated with bosentan for their PH because CYP2C9 inhibition can increase bosentan levels

Catheter ablation

•  Catheter ablation should be a first-line approach for management of CTI-dependent atrial flutter, despite the potential technical challenges of CTI ablation in PH 
patients with right-sided chamber dilation

•  In PH patients undergoing catheter ablation of AF, mapping of non-PV triggers, particularly in the RA, may improve outcomes in conjunction with traditional PVI-
based approaches

•  The risk of clinical deterioration due to iatrogenic ASD with right-to-left shunting after transseptal access for left atrial ablation should be considered. This is 
particularly relevant in PH patients with baseline hypoxemia and with the use of large bore transseptal sheaths (cryoballoon)

• Procedural anaesthesia for catheter ablation in patients with severe PH should be performed by providers with expertise in cardiac anaesthesiology

Anticoagulants

• Clinicians should be mindful of interactions between PH medications and anticoagulants used for AF-related stroke prophylaxis

ASD = atrial septal defect; CTI = cavotricuspid isthmus; PH = pulmonary hypertension; PV = pulmonary veins; RA = right atrium.
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